Liquid chromatography-electrospray ionization multistage ion trap mass spectrometry (LC-ESI-IT-MS n ) was used to analyze the secondary metabolites in the methanol extract of the capitulae of Eriocaulon ligulatum. The major components were monoand diglycosides of flavonoids and naphthopyranones. Eleven compounds, including four new flavonol glycosides, were identified based on their fragmentation patterns in MS experiments and on NMR analysis of the isolated compounds. The described data may contribute to a better understanding of the taxonomic classification of the Eriocaulaceae family.
In the present study, an investigation was carried out of the composition of the methanolic extract obtained from the capitulae of E. ligulatum using an analytical approach based on high-performance liquid chromatography coupled to electrospray negative ionization multistage ion trap mass spectrometry (HPLC/ESI-ITMSn), and to ultraviolet-diode array detection (UV-DAD). Using this analytical approach eleven compounds were identified, belonging to the naphthopyranone and flavonoid classes. Among these, four new flavonol glycosides were isolated and fully characterized by ESI-MS and NMR analysis. Furthermore, to the best of our knowledge, this is the first report on the presence of 9,10-dihydroxy-7methoxy-3-(R)-methyl-1H-naphtho [2,3c] pyran-1one-9-O-β-D-allopyranosyl (1→6) glucopyranoside and 9,10-dihydroxy-7-methoxy-3-(R)-methyl-1H-3,4dihydronaphtho [2,3c] pyran-1-one-9-O-β-D-glucopyranoside in the genus Eriocaulon.
The methanol extract of E. ligulatum capitulae was separated and analyzed by HPLC/ESI-ITMS n and HPLC/UV-DAD. Several experiments were performed to establish suitable HPLC conditions. The best results were obtained using a C 18 RP BDS Hypersil column eluted with a gradient of acetonitrile/water acidified with acetic acid. The HPLC-UV-DAD and HPLC-MS/MS n analyses of compounds occurring in the methanol extract of E. ligulatum allowed the detection of flavonoid (quercetin, luteolin and apigenin) and naphthopyranone derivatives (Table 1 and Figure 1 ).
A methoxyquercetin derivative was detected at the retention time (t R ) of 27.37 min in the total ion current (TIC) profile. The relative mass spectrum exhibited a peak at m/z 493 and the MS 2 spectrum one at m/z 331, due to the flavone aglycon, originating by the loss of a hexose unit from the precursor ion. NMR data of the isolated compound 5 suggested that it was 6-methoxyquercetin-7-Oglucoside, also known as patulitrin [4a] .
The UV absorption spectra of compounds 1 and 4 were nearly identical to that of compound 5, while the MS/MS spectra showed some differences. In particular, the fragmentation pattern exhibited by compound 1 was coherent with a 6-methoxyquercetin core supporting a two hexosyl moiety, while the MS/MS experiment on compound 4 showed a product ion at m/z 345, due to the contemporary elimination of two sugar units [M-H-162-162] -, and an ion a m/z 330, due to the loss of a methyl group from the 6-methoxyquercetin core. Therefore, it could be considered that, on each compound, the two sugars were linked to each other otherwise a change in the UV spectrum would have been observed. The 1 H NMR spectrum of the isolated compound 1 showed one uncoupled proton at δ 6.72 and one methoxy group at δ 3.88 and the typical pattern (δ 7.74, d, J = 1.5 Hz; δ 7.60, dd, J = 8.0, 1.5 Hz; δ 6.88, d, J = 8.0 Hz) of a 1',3',4'-trisubstituted ring B of a flavonoid skeleton. Indeed, the HMBC correlations between the methoxy signal at δ 3.88 and the carbon resonance at δ 133.7, and between the proton signal at δ 6.72 and the carbon resonances at δ 133.7, 158.7, 153.8, and 107.0 (C-6, C-7, C-9, C-4a, respectively) allowed us to locate the methoxyl group at position 6 and the singlet at position 8, confirming for the aglycon the structure of 6-methoxyquercetin. Two anomeric proton signals at δ 5.06 and 4.40 (J = 7.5 Hz) were also evident. On the basis of 1D TOCSY and 2D NMR experiments it was possible to deduce that the disaccharide chain was made up of two (1->6) linked β-D-glucopyranosyl units. HMBC correlation between the anomeric signal of glucose (δ 5.06) and the carbon resonance at δ 158.7 (C-7) of the aglycon allowed us to establish that the sugar portion was linked to C-7. A correlation between the anomeric proton signal at δ 4.40 (H-1 glcII ) and the carbon resonance at δ 70.5 (C-6 glcI ) confirmed the interglycosidic linkage. Thus 1 was characterized as
Analysis of NMR data of compound 4 in comparison with those of 1 clearly showed that the difference between the two compounds should be confined to the occurrence of a methoxy group instead of an hydroxy group on ring B of the flavonoid skeleton. On the basis of the HMBC correlations between the carbon resonance at δ 150.8, and the proton signals at Another methoxyquercetin diglycoside derivative (3) was identified at t R 26.75 min in the TIC profile. The corresponding mass spectrum showed a peak at m/z 805, while the product ion spectrum for this compound revealed the presence of a fragment ion at m/z 655, corresponding to [M-H-150] -, followed by two fragment ions at m/z 493 and m/z 331, due to the loss of one and two hexose moieties, respectively. The loss of 150 Da could be attributed to a vanilloyl unit linked to the 6-methoxyquercetin-O-diglycoside. In the NMR spectrum of compound 3 the hydrogen signals at δ 7.68 (dd, J = 8.0, 1.5 Hz), δ 6.95 (d, J = 8.0 Hz), and δ 7.59 (d, J = 1.5 Hz), typical of an aromatic trisubstituted AMX system, together with the two ortho hydroxy and methoxy aromatic carbon signals (δ 148.4 and 151.1), and a carbonyl signal (δ 168.8) confirmed the presence of a vanilloyl moiety. Moreover, the presence of a ROESY correlation between the methoxy group at δ 4.00 and the signal at δ 7.59 (H-2') supported the location of the methoxy group at C-3'. Analysis of NMR data of the sugar portion confirmed the occurrence of a β-Dglucopyranosyl-(1->6)-β-D-glucopyranoside moiety and showed a downfield shift for H 2 -6glcII (δ 4.12 and 4.25) and C-6glcII (δ 64.7), as expected for an esterification. The HMBC correlation between the signals at δ 4.12 and 4.25 and the carbon resonance at δ 168.8 (C=O) confirmed the location of the vanilloyl moiety at C-6 of the second glucose unit. Thus compound 3 was identified as 6-methoxyquercetin-7-O- (6"'-vanilloyl) 
In the total ion current chromatogram a triglycoside methoxyquercetin derivative (6) Considering that Vilegas [4b] and Dokkedal [4c] found that the only 6-deoxyhexose present in the methanolic extracts of Paepalanthus argenteus var. argenteus, P. vellozioides and P. latipes (Eriocaulaceae) was rhamnose, we can suppose that compound 6 was a 6-methoxyquercetin-Odiglycosylrhamnoside [4b,4c] . According to this hypothesis and to the best of our knowledge, this would be the first report of a flavonoid with a rhamnose unit in an Eriocaulon species. Unfortunately, several attempts made to isolate this compound failed due to its occurrence as a very minor constituent.
A luteolin derivative (2) was also found at t R 26.63 min in the TIC profile. The MS/MS spectrum of the ion at m/z 639, corresponding to the deprotonated molecule [M-H] -, showed product ions at m/z 477 and m/z 315, indicative of the loss of one and two hexose units (162 Da), respectively, from a methoxyluteolin aglycon. Analysis of NMR data of 2 in comparison with those of 1 clearly showed that the two compounds differed by the absence of the 3-OH group in 2. Thus compound 2 was identified as 6-methoxyluteolin-7-O-β-D-glucopyranosyl-(1->6)β-D-glucopyranoside, which has not been reported before. In our previous papers we reported the isolation and characterization of 6-methoxyluteolin-7-O-allopyranoside and 6-methoxyluteolin-7-Oglucopyranoside from the capitulae and scapes of E. ligulatum [4d,5] . The peak at t R 42.13 min in the TIC profile was assigned to 6-methoxyapigenin (11) [4d].
A 6-methoxyapigenin derivative (7) was also found at t R 31.13 min in the TIC profile, displaying a peak at m/z 461, was identified as 6-methoxyapigenin-7-Oβ-D-allopyranoside [4d].
In addition, we have detected hexoside derivatives of three naphthopyranones, whose structures were different from those of the two previously found in this plant [4d] . In particular, at t R 38.85 min in the TIC profile there was a peak that corresponded to the 9,10-dihydroxy-7-methoxy-3-(R)-methyl-1Hnaphtho [2,3c] pyran-1-one-9-O-β-D-glucopyranoside (10) [6a] . This hypothesis was confirmed by comparison of our NMR data with those published and by the MS analyses, here performed for the first time. In particular, the MS/MS spectrum of the ion at m/z 433, corresponding to the deprotonated molecule [M-H] -, showed a product ion at m/z 271, due to the loss of a hexose unit, while an MS 3 experiment, conducted on the ion at m/z 271, produced a signal at m/z 256, due to the loss of a methyl group. In the same chromatogram, at t R 33.87 min, there was compound with a molecular weight of 596 Da, 162 Da higher than that of compound 10. On the basis of MS and NMR data, this peak could be attributed to the 9,10-dihydroxy-7-methoxy-3-(R)-methyl-1Hnaphtho [2,3c] pyran-1-one-9-O-β-D-allopyranosyl-(1→6) glucopyranoside (8), previously isolated from Paepalanthus spp. [6b], but never reported in the genus Eriocaulon. The mass spectrum of the peak at t R 36.72 min in the TIC profile exhibited a molecular ion at m/z 435. The MS 2 spectrum of the [M-H]ion showed the ion [M-H-162]at m/z 273; this was isolated into the ion trap and subjected to an MS 3 experiment producing a signal at m/z 258, due to a loss of a methyl group. On the basis of this mass spectrometric behaviour, very similar to that described for compound 10, and of the NMR data, this compound could be identified as 9,10-dihydroxy-7-methoxy-3-(R)-methyl-1H-3,4-dihydronaphtho [2,3c] pyran-1-one-9-O-β-D-glucopyranoside (9) [6c]. To the best of our knowledge, this is the first report of this naphthopyranone in a species of Eriocaulon. Moreover, the UV spectra of compounds 8-10 presented absorption maxima in the typical bands of naphthopyranone derivatives (bands 260-280 and 360-385 nm) [6d,6e].
Analyses using HPLC/ESI-ITMS n and HPLC/UV-DAD resulted in the identification of eleven compounds (flavonoid and naphthopyranone derivatives) from the methanol extract of E. ligulatum capitulae. characterized as. The described data contribute to a better understanding of the taxonomic classification of the Eriocaulaceae family, in particular to establish that E. ligulatum shows a phenolic profile closely related to some species of Paepalanthus [6f].
Experimental
General: NMR experiments were performed in CD 3 OD on a Bruker DRX-600 spectrometer. Optical rotations were measured on a Jasco DIP 1000 polarimeter.
Plant material:
Capitulae of E. ligulatum were collected in May 1999 in Diamantina city, Minas Gerais State, Brazil and authenticated by Professor Dr Paulo Takeo Sano of the São Paulo University (USP), SP. A voucher specimen (SANO 2978) was deposited at the Herbarium of the IB-USP.
Sample preparation:
The methanol extract of capitulae of E. ligulatum was prepared as reported in our previous work [4d]. The extract (1 g) was dissolved in methanol (10 mL) and the mixture was centrifuged for 5 min at 3200 rpm. The supernatant was filtered through an Iso-Disk P-34, 3 mm diameter PTFE membrane, 0.45 µm pore size (Supelco, Bellefonte, PA).
Isolation of compounds by HPLC/UV:
Part of the methanol extract of E. ligulatum capitulae (80 mg) was separated by HPLC using an Agilent HP 1100 apparatus. The mobile phase consisted of water (eluent A) and acetonitrile (eluent B), both containing 0.5% of acetic acid. After a 5 min hold at 5%, the percentage of solvent B was increased from 5% (B) to 60% (B) in 60 min; to 95% (B) in 10 min, followed by 5 min of maintenance. Elution in a Vydac C18 semipreparative column (250 mm x 10 mm, 5 µm) (Separations Group, Hesperia, CA, USA) at a flow rate of 3 mL/min yielded pure compounds 1 (2.4 mg, t R = 22.61 min), 2 (2.0 mg, t R = 23.93 min), 3 (1.2 mg, t R = 24.74 min), 4 ( 1.2 mg, t R = 25.10 min), 5 (1.5 mg, t R = 26.01 min), 7 ( 12 mg, t R = 28.74 min), 8 (16 mg, t R = 31.04 min), 9 (1.3 mg, t R = 35.17 min), 10 ( 2.8 mg, t R = 36.49 min) and 11 (6 mg, t R = 39.89 min). Detection was performed at 280 nm.
HPLC/ESI-ITMS n and HPLC/UV-DAD analyses:
The methanol extract of E. ligulatum capitulae was analyzed by HPLC using a SURVEYOR MS micro HPLC (Thermo Finnigan, San José, CA, USA) in an Hypersil BDS RP18 column (250 x 2.1 mm, 5 µm) (Thermo, Bellefonte, PA, USA) at a flow rate of 200 Favonoids and naphthopyranones from Eriocaulon ligulatum Natural Product Communications Vol. 4 (12) 2009 1655 µL/min. Mobile phase and chromatographic conditions were the same as those described above. The column effluent was split into two by means of a "T junction" placed after the chromatographic column and analyzed "on-line" both by ESI/MS and UV-DAD; 80% of the effluent sent to the UV-DAD detector; 20% of the effluent was analyzed by ESI/MS in negative ion mode using a Finnigan LCQ DECA XP Plus ion trap instrument (Thermo Finnigan, San Jose, CA) equipped with Xcalibur software. The capillary voltage was set at -4 V, the spray voltage at 4.5 kV and the tube lens offset at -5 V. The capillary temperature was 275°C. Data were acquired in MS 1 and MS n scanning mode and recorded in the 50-1500 m/z range. Total ion current (TIC) profile was produced by monitoring, during the chromatographic run, the intensity of all the ions produced and acquired in every scan. (1) [α] D : + 35.0 (c 0.1, MeOH). UV: Table 1 . 1 5, 9.0 Hz, , 3.67 (1H, dd, J = 12.0, 4.5 Hz, H-6a glcI), 3.56 (1H, dd, J = 9.0, 9.0 Hz, H-3 glcI), 3.48 (1H, dd, J = 9.0, 9.0 Hz, H-4glcI), 3.38 (1H, dd, J = 9.0, 9.0 Hz, H-3glcII), 3.33 (1H, dd, J = 9.0, 9.0 Hz, H-4glcII), 3.30 (1H, dd, J = 7.5, 9.0 Hz, H-2glcII), 3.28 (1H, m, H-5glcII). 13 C NMR (150 MHz, CD 3 OD): δ 178.2 (C, C-4), 158.7 (C, C-7), 153.8 (C, C-5, C-8a), 149.7 (C, C-2), 149.5 (C, C-4'), 146.4 (C, C-3'), 138.0 (C, C-3), 133.7 (C, C-6), 124.5 (C, C-1'), 122.6 (CH, C-6'), 117.0 (CH, C-2'), 116.5 (CH, C-5'), 107.0 (C, C-4a), 105.1 (CH, C-1glcII), 102.8 (CH, C-1glcI), 96.2 (CH, C-8), 78.0 (CH, C-3glcII, C-5glcII), 77.6 (CH, C-3glcI), 77.3 (CH, C-5glcI), 75.2 (CH, C-2glcI, C-2glcII), 71.6 (CH, C-4glcII), 71.5 (CH, C-4glcI), 70.5 (CH 2 , C-6glcI), 62.8 (CH 2 , C-6glcII), 62.3 (6-OCH 3 ). ESI-MS: Table 1 . (1->6) β-D-glucopyranoside (2) [α] D : + 32.0 (c 0.1, MeOH). UV: Table 1 .
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